Purpose. the study examined if the elastic device named Sling Shot could increase the maximum number of repetitions (MNr) and diminish the mean repetition duration in men with different resistance training experience while performing the bench press exercise in multiple sets. Methods. Overall, 22 men were grouped depending on their resistance training experience. the most experienced group (MEG; 11 men, 65.45 ± 26.27 months of training experience) and the less experienced group (LEG; 11 men, 3.09 ± 2.07 months of training experience) performed 3 sets at 80% of the 1-repetition maximum test as fast as possible, with 2-min rest, of the barbell bench press exercise with and without the Sling Shot. two 3-way ANOVA tests, with = 0.05, were used to compare the MNr and mean repetition duration in inter-and intra-group comparisons across the sets. Results. the Sling Shot increased the MNr in the 2 groups throughout the 3 sets. the increase was 50.5%, 65.4%, and 43.8% in the MEG group and 120%, 68.4%, and 43.3% in the LEG group for the 1 st , 2 nd , and 3 rd sets, respectively. However, there was no difference in the MNr between groups when the Sling Shot was used. Additionally, both groups performed the repetitions with a shorter mean duration with the Sling Shot than without it. No difference was observed between the groups. Conclusions. regardless of training experience, the Sling Shot constitutes an alternative for increasing the MNr and decreasing the mean repetition duration in multiple sets.
Introduction the barbell bench press is a multi-articular exercise; it constitutes 1 of the 3 exercises from the powerlifting (squat, deadlift, and bench press) [1] . the exercise demands the work of the pectoralis major, anterior deltoid, and triceps brachii as primary muscles [2] . In addition, it has been frequently used to compare the physiological [3, 4] and mechanical responses [5, 6] , as well as to test the effect of different strategies that aim for improving the physical performance [7] [8] [9] . Strategies such as chains [10] or elastic bands [11] have been applied to increase the load during the bench press exercise, and results that support their use have been presented. However, studies that investigated strategies aimed to make the completion of the barbell bench press exercise easier are rare. the facilitation of the barbell bench press exercise could lead, for example, to a greater training intensity [9, 12, 13] or a greater volume load [14] . Yet, to the best of our knowledge, only 3 studies have investigated a facilitation strategy consisting in the usage of a chest device called a Sling Shot [9, 13, 14] .
Ye et al. [13] and Dugdale et al. [9] included strengthtrained men and strength athletes, respectively, in a sample population to compare the maximum weight lifted during the 1-repetition maximum test (1-rM) with and without the Sling Shot. In both studies, heavier weights were lifted when the Sling Shot was used. Additionally, Dugdale et al. [9] evaluated the weight lifted in the 3-rM and 8-rM tests, noticing that a greater amount of weight was lifted with the Sling Shot. the results obtained by Ye et al. [13] and Dugdale et al. [9] showed that with the Sling Shot, the volunteers performed the 1-rM, 3-rM, and 8-rM tests with heavier weights as well as at higher speeds. However, these studies did not compare the maximum number of repetitions (MNr) or the mean repetition duration that could be performed with and without the Sling Shot at the same relative intensity. In a study by Niblock and Steele [14] that used maximum intensity, the volume load (weight lifted × number of repetitions) was compared in a single set with and without the Sling Shot. the results showed that a greater volume load could be performed when the Sling Shot was applied. However, the authors did not compare the number of repetitions performed between the conditions in submaximal intensities or across multiple sets. Considering the results observed by Niblock and Steele [14] , owing to the greater volume load achieved with the Sling Shot than without the Sling Shot, perhaps a longer time would be necessary for recovery to keep the volume load found in the 1 st set if subsequent sets were performed [15] . Would MNr drop significantly if short intra-set rest periods were employed while using the Sling Shot? In addition, different submaximal intensities may also alter the MNr performed [16, 17] . It is unknown whether the use of the Sling Shot would allow an individual to perform a greater number of repetitions than without the Sling Shot in submaximal intensity and in multiple sets. A greater MNr performed can be associated with higher muscle endurance [18] , which is an important factor for performance in some sports [19] . In addition, as repetition duration is a factor that may influence the MNr, even with a determined relative intensity [20] , the duration must be considered in the analysis as being relevant in the comparison of the MNr between different conditions (i.e. with and without the Sling Shot). Another factor that needs attention is the difference in the strength performance between trained and untrained men [16, 17] .
Studies that have evaluated the MNr between individuals with different training experience show little [17] or no influence [16] of this variable. However, these studies have analysed the MNr after a single set, which may not represent the response for multiple sets. As discussed by Cormie et al. [21] , central adaptations such as improvement of the motor unit recruitment, firing frequency, and muscle synchronisation can all be optimised by resistance training, and these factors can be linked to a greater performance over time. As a result, increases in glycogen and phosphocreatine levels are expected in response to strength training [22] . these responses represent an augmentation in the energy stock that could lead to better performance [22] . In addition, training experience may promote a hypertrophic effect, and thus, the addition of the contractile proprieties of the muscle may improve strength performance [23] . As these cited adaptations interfere with the process of force production and its respective maintenance during exercise [21, 22] , it is possible that more repetitions over multiple sets could be performed by individuals with more training experience than individuals with less experience.
Considering the reasoning cited above for the comparison of the MNr between men with different training experience, it is possible that the advantage of using the Sling Shot may not be greater in more experienced men. this rationale includes the fact that the elastic force contribution from the Sling Shot during the repetitions should be the same for all subjects, regardless of training experience (under equal conditions). In this case, more experienced men may perform more repetitions with the Sling Shot than less experienced ones owing to the central and peripheral adaptations that occur across the training experience and not because of the Sling Shot facilitation. regardless of the training experience, as the Sling Shot contributes to accelerating the movement [9, 13] , the mean repetition duration may possibly be shorter when the Sling Shot is used.
thus, the objective of the study was to compare the MNr and the mean repetition duration between individuals with different training experience with and without the Sling Shot in multiple sets. We hypothesised that in all sets, the use of the Sling Shot would allow the performance of a greater number of repetitions of shorter duration regardless of training experience. With a similar contribution from the Sling Shot, it was expected that individuals with greater experience would perform a greater number of repetitions than those with less experience.
Material and methods

Experimental design
the study compared the MNr and the mean repetition duration in the barbell bench press exercise between 2 groups of men with different training experience, across 3 sets with or without the Sling Shot. Each group was subjected to 3 experimental sessions: session 1, for familiarisation with the 1-rM test; session 2, performance of the 1-rM test; and session 3, a randomised selection involving the completion of the MNr with or without the Sling Shot. the sessions were separated by 48 hours, and the time of data collection was maintained for each subject across all sessions. Figure 1 shows the experimental design of the study.
Sample the sample size was calculated from the data of Ye et al. [13] , who also used the Sling Shot. In this study, it was found that 114.6 ± 18.6 kg and 132.1 ± 18.5 kg were lifted in the bench press exercise with and without the Sling Shot, respectively, which generated an effect size of 0.94 (Cohen's d). this value, when inserted in the G*Power software (version 3.1.9.2; Heinrich Heine University Düsseldorf, Germany) with a power of 0.90 and = 0.05, provided the number of 16 participants. Considering possible sample loss, we invited 22 volunteers to participate in the study. therefore, 22 healthy adult men who were already enrolled in resistance training programs and had no history of injury entered the study. they were assigned to 2 groups depending on their training experience. the most experienced group (MEG) was composed of 11 men with at least 3 years of continuous experience in the barbell bench press exercise. the other group, the less experienced group (LEG), consisted of 11 men with 1-6 months of experience in the barbell bench press exercise. the subjects' training routines were modified during the data collection period, and the volunteers were told not to perform exercises that required efforts of the pectoralis major, anterior deltoid, or triceps brachii muscles during the 48 hours prior to each session. Furthermore, each subject was instructed not to perform any physical activity before the experimental sessions and to maintain their dietary practices. In addition, all volunteers were informed about the objectives and methods of the experiment. table 1 presents detailed information on the 2 groups.
Experimental sessions 1, 2, and 3
First, the anthropometric characteristics were measured. Immediately afterwards, the hand position on the bar was determined in accordance with the individual's preference. the bar was numerically marked along its length with adhesive strips that remained glued throughout the study. thus, in the 1 st experimental session, the volunteers identified the hand position and one of the researchers recorded the grip locations, which allowed the exact reproduction of the grip throughout the sessions and sets. the position of the head on the bench was also standardised by a numerical tape affixed on the side along the bench press (Vitally Convergent, São José do rio Preto, Brazil). When the subject lay on the bench for the first time, one of the researchers recorded the number that indicated the position of the head to be used for later reproduction.
Subsequently, the participants were familiarised with the 1-rM test for the barbell bench press exercise. the familiarisation and the actual 1-rM test were performed during the 1 st and 2 nd sessions (48 hours apart), which aimed to familiarise the subjects with the procedures and to define the weight for the following phases, respectively. As the familiarisation and the actual 1-rM test followed the same procedures, we are going to explain only the test. the test began with an eccentric muscle action by lowering the bar to the 1-rM sternum, followed by a concentric muscle action, determined by elbow extension. the 1-rM test was concluded within a maximum of 5 attempts [24] , with 5-min rest periods between them. For each attempt, there was a minimum increase of 2 kg onto the bar. When the volunteer could not perform a complete repetition (full range of motion), the prior weight lifted was recorded as representing the 1-rM test result. to establish the correlation between the greater weight lifted in the familiarisation and in the 1-rM test, the intra-class correlation coefficient (ICC [3,k] ) was used, which presented values equal to 0.99 and 0.98 for the MEG and LEG groups, respectively, demonstrating consistency between the 2 measures and reliability of the 1-rM test result. In addition, during the week prior to the experimental sessions, all subjects performed the barbell bench press exercise with the Sling Shot on at least 3 different days (3 sets of 8 ca. 12-rM each day) to familiarise themselves with the device and to select 1 of the 2 Sling Shot sizes available (large: 31.75 cm; X-large: 36.83 cm). During all data collection, a minimum of 2 researchers with more than 3 years of resistance training experience evaluated the execution of the movements and the recording of the data.
After the 1-rM test, the participants rested for 20 minutes [25] . then, they were positioned on the barbell bench press, and the weight that represented 80% of the weight found in the 1-rM test was inserted onto the bar. Subsequently, the volunteers randomly performed the MNr in 3 sets until concentric failure in the highest speed possible (verbal encouragement) with and without the Sling Shot (randomly selected). At the concentric failure, the set was interrupted, and the last complete repetition was recorded. Between sets, a 2-min rest was offered. In addition, the time under tension of each set was recorded with a manual stopwatch, which was triggered at the beginning of the eccentric action and stopped at the time of the concentric failure in each set. the time under tension of the set was divided by the MNr performed to estimate the mean repetition duration across the set, making it possible to compare the mean repetition duration between the groups and between the conditions with or without the Sling Shot. two days later, the subjects performed the MNr with the same procedures as previously used but, this time, with or without the Sling Shot (in accordance with the randomised selection procedures). the Sling Shot was placed in a way different than that reported by Dugdale et al. [9] . In the present study, it was located at the armpit level, surrounding the arms (Figure 2 ). the 80% intensity and the 2-min rest were chosen to follow the training protocols designed for the development of strength and hypertrophy [26] .
Statistical analysis
Initially, a descriptive analysis of the data was performed. the normality and homogeneity of variances were verified by using Shapiro-Wilk and Mauchly's Ethical approval the research related to human use has complied with all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and has been approved by the authors' institutional review board or an equivalent committee.
Informed consent
Informed consent has been obtained from all individuals included in this study.
Results
Mean repetition duration
When comparing the mean repetition duration, the 3-way ANOVA found only main effects, for condition (F 1 = 0.001, p = 0.001, 2 = 0.25, power = 0.98) and for set (F 2 = 20.479, p < 0.001, 2 = 0.12, power = 0.98). No interaction between factors was found. regarding the main effect for condition, the repetitions were performed in a shorter mean duration with the Sling Shot than without it. For the main effect for set, the 3 rd set was performed with longer mean repetition duration than the 1 st and 2 nd sets. Similarly, the 2 nd set was performed with a longer mean repetition duration than the 1 st set. Figure 3 shows the mean repetition duration across the sets for all groups and conditions.
Maximum number of repetitions
In the comparison of the MNr, the 3-way ANOVA found a triple interaction effect: between groups, conditions, and sets (F 2 = 3.507, p = 0.04, 2 = 0.02, power > 0.99). the post-hoc analysis showed that both groups performed similarly more repetitions with the Sling Shot than without the Sling Shot across the 3 sets. In addition, with the Sling Shot, both groups performed more repetitions in the 1 st set than they did in the 2 nd and 3 rd sets, and they performed more repetitions in the 2 nd set than during the 3 rd set. Without the Sling Shot, the MEG group performed a greater number of repetitions than the LEG group in the 1 st set, and both the MEG and LEG groups performed a similar number of repetitions between the 2 nd and 3 rd sets. Without the Sling Shot and within each group, the MEG group performed more repetitions in the 1 st set than they did in the 2 nd and 3 rd sets, and in the 2 nd set, more repetitions were performed than during the 3 rd set. For the LEG group, a similar number of repetitions were performed in the 1 st and 2 nd sets, and in these 2 sets, the subjects performed a greater number of repetitions than they did in the 3 rd set. Figure 4 shows the MNr across the sets for all groups and conditions. regarding the percentage of how much the Sling Shot contributed to increasing the MNr between and within the groups across sets, the 2-way ANOVA showed an interaction effect between groups and sets (F 2 = 34.15, p = 0.02, 2 = 0.04, power > 0.61). the Bonferroni post-hoc test demonstrated that for the 1 st set, the Sling Shot contributed to the performance of more repetitions in the LEG group than in the MEG group. In addition, for the LEG group, the percentage of contribution from the Sling Shot was greater in the 1 st set than in the 3 rd set, and there was no difference in the percentage of contribution from the Sling Shot across the sets in the MEG group. Figure 5 shows the percentage of contribution from the Sling Shot in both groups across the sets.
Discussion the aim of this study was to compare both the MNr at 80% of 1-rM in the barbell bench press exercise in multiple sets with and without the Sling Shot in 2 different training experience groups (MEG and LEG) and the mean repetition duration between groups across the sets. As the main result, a greater number of repetitions were performed with the Sling Shot than without it, regardless of the group. In addition, there was no difference in the MNr between the groups when the Sling Shot was used, contradicting what was expected. No difference was also observed between the groups in the mean repetition duration, regardless of the condition (with or without the Sling Shot) or the set. In the present study, a greater number of repetitions were performed in all sets when the Sling Shot was used, regardless of the group. there are some potential factors that could explain this increase in the number of repetitions. Firstly, the external elastic force provided by the Sling Shot potentiates the stretch-shortening cycle during each repetition [28, 29] . However, it is unknown how much of this is due to the Sling Shot's mechanical stiffness because this information was not found in product specifications from the manufacturer or quantified in the present study or in previous investigations [9, 13, 14] . Nevertheless, in the earlier studies, the use of the Sling Shot caused an increase in the maximum weight lifted during the 1-rM test of ca. 16 kg [13] and ca. 20 kg [9] , suggest-ing an elastic assistance when the Sling Shot was applied. Additionally, it has been shown that the Sling Shot can increase the bar velocity [13] . Although this variable was not measured, which is a limitation of the study, the mean repetition duration was calculated, and it was significantly shorter when the Sling Shot was used, regardless of the group. therefore, our findings support the reasoning that an increase in the bar velocity occurred because of the use of the Sling Shot. these results are in accordance with previous studies which demonstrated that subjects were able to perform more repetitions at either higher speed [5] or shorter repetition duration [30] . It seems that the Sling Shot offers a greater contribution of elastic force at the beginning of the concentric action. Consequently, the muscular force to move the bar off the chest and overcome the sticking point [31] may have been less than the muscular force produced when MEG -most experienced group, LEG -less experienced group Vertical lines denote standard errors. * different between the conditions in all sets $ different than the 1 st set of the MEG group # different from the 2 nd and 3 rd set in the respective condition & different from the 3 rd set in the respective condition, p < 0.05 the Sling Shot was not used at the same position, thus retarding the fatigue and enabling the participants to perform more repetitions. Despite the groups performing a similar number of repetitions across the sets with the Sling Shot, a percentage analysis (Figure 4 ) showed that the Sling Shot contributed more in the LEG group than in the MEG group in the 1 st set. this increase was 50.5%, 65.4%, and 43.8% in the MEG group and 120%, 68.4%, and 43.3% in the LEG group for the 1 st , 2 nd , and 3 rd sets, respectively. the explanation of this finding could be linked to the central nervous system. Owing to greater training experience, it is expected that the subjects of the MEG group, in comparison with the LEG group, have greater central adaptation, such as corticospinal excitability [32] , motor unit synchronisation [33] , and a decrease in co-activation (antagonist muscle activation) [21] , which could lead to greater motor control during an exercise they are accustomed to performing. However, with the Sling Shot, the individuals of the MEG group had to adjust their movement patterns that should be already well consolidated, to take advantage of the elastic contribution from the Sling Shot. On the contrary, because the individuals of the LEG group were less experienced than those in the MEG group, the motor adjustment to use the Sling Shot was probably easier for them to achieve. thus, this group was aided in greater magnitude by the Sling Shot than the LEG group, even though both groups had performed the same MNr with the Sling Shot. this reasoning finds support in the comparison of the num-ber of repetitions between the LEG and MEG groups without the Sling Shot. As expected, the MEG group performed more repetitions than the LEG group in the 1 st set, which indicates that their experience in training may impact on the MNr when there is no requirement of motor adjustment during a known exercise such as the barbell bench press. Concerning the reduction of the number of repetitions across the sets, it is possible that the 2-min rest was not enough to re-establish the central and peripheral conditions to produce the same initial force level [34] . this line of reasoning is reinforced by the reduction of the mean repetition duration across the sets. this reduction indicates that the speed at which the repetitions were performed diminished across the sets. Also, it has been reported that a reduction in the muscle shortening velocity can be associated with fatigue [35] . Although the use of the Sling Shot is oriented towards speed training, we also suggest its application aimed at a hypertrophic response. this is based on the fact that the volume and velocity moment seems to modulate the hypertrophic response [36] . In this sense, as we observed that the Sling Shot aided performance of more repetitions in less time (repetition duration), it is reasonable to propose its use for this approach. However, future experimental studies need to confirm this chronic effect on the hypertrophic response.
Another aspect that needs clarification is the possible placebo effect that may have occurred and influenced our data. In this case, more repetitions were probably performed not because of the elastic contribution of the Sling Shot but owing to the placebo effect. the presence of this effect could be checked by recruiting another experimental group that would be using a type of a placebo device (believing that it is the Sling Shot) while performing the repetitions through the sets. this placebo device could have the same design as the Sling Shot, but it would offer no elastic contribution. the lack of this third group is a potential limitation in our study, and future investigations should take this into account. In addition, in further studies using the Sling Shot, it would be interesting to register and present data regarding the Sling Shot curve length and the tension it could produce. this information could be useful for checking the calibration of the device.
Conclusions
In summary, this study showed that a greater number of repetitions were performed in the barbell bench MEG -most experienced group, LEG -less experienced group Vertical lines denote standard errors. $ different than the 1 st set of the MEG group & different from the 3 rd set in the respective condition, p < 0.05 Figure 5 . Contribution (%) from Sling Shot to performance of more repetitions for MEG × LEG across the sets press exercise with the Sling Shot than without the Sling Shot, regardless of the individuals' training experience. In addition, the repetitions were performed with a shorter mean repetition duration when the Sling Shot was used.
